II. Results and Discussion
Comparison are made with the experiments of Refs. 1 and 2. In these experiments, a coaxial nozzle was designed to produce two uniform, coaxial jets at its exit. The center flow consists of 95% He, 5% O 2 and a Mach number M = 1.8, while the outer flow is that of air at M = 1.8. Velocity, pitot pressure, composition, and total temperature were measured at various stations.
The grid employed is identical to that used in Refs. 1 and 2. It consists of 188,080 cells and is decomposed into 13 blocks for parallel computing. An axisymmetric finite volume solver is employed to simulate the flow, where a second order ENO(Essentially Non-Oscillating) upwinding method based on the Low Diffusion Flux Splitting scheme of Edwards 4 is used to discretize the invisid fluxes while central differences are used for the viscous and diffusion terms. Planar relaxation is employed and the code is parallelized using domain decomposition and message passing(MPI) strategies.
As was done in Ref. 1 and 2, the range of r in the plots is truncated to show more clearly the region of interest. In general, good agreement is indicated beyond the range shown in the figures.
Figures 1-4 compare calculations and measurements for the He-O 2 mass fraction, velocity, pitot pressure and temperature. Calculations were carried out for two sets of turbulent Schmidt numbers. As is seen from the figures, it appears that no single Schmidt number will fit the data thus demonstrating the need for a turbulent Schmidt number formulation. All calculations presented here assume a turbulent Prandtl number(P r t ) of 0.89. Figure 1 compares computed and measured mass fractions at selected stations. As is seen from the figure, a Schmidt number of 0.9 gives better agreement with experiment. In general, calculations underpredict experiment near the axis and slightly overpredict away from the axis. Note also that there is no discontinuity in the slope of the mass fraction for any of the cases considered as was noted in Refs. 1 and 2 using the k-ω model. As is seen from the figure, calculated results are rather sensitive to the turbulent Schmidt number near the axis; a reduced value of the mass fraction is noted at the lower Schmidt number because of enhanced diffusion.
The mean velocity is shown in Fig. 2 . At x = 2 mm, the velocity profile is a result of merging of the coflow nozzle inner surface boundary layer with the region of separation at the lip and the shock wave emanating from the lip. Downstream, the calculated velocity is in good agreement with the measurements and is not sensitive to the Schmidt number.
The pitot pressure is shown in Fig. 3 . As is seen from x = 3 mm station, there is a layer with reduced pitot pressure at the boundary between the center jet and the coflow. Downstream, the center jet spreads with the pressure near the axis falling and then rising in the wake of the nozzle lip. The figure shows that the pitot pressure is somewhat sensitive to the Schmidt number near the axis. This behavior is a result of the behavior of the He-O 2 mass fraction indicated in Fig. 1 .
The measured and calculated total temperature is shown in Fig. 4 . Measurements 1, 2 indicate that the gas supply temperature varied substantially from run to run. Because of this, it was recommended that calculations employ the experimentally measured temperature for that run and not the average temperature over many runs as was done for other parameters. When the probe errors ( of the order of 1%) are taken into consideration, it is seen that agreement with experiment is acceptable. However, results are Schmidt number dependent.
III. Concluding Remarks
The above results demonstrate that the underlying turbulence model does not exhibit the shortcomings of the k-ω model and indicate the need for a variable Schmidt number formulation. This will be the subject of the final paper. As indicated earlier, all relevant equations and modeling is complete and we are in the process of determining model constants. 
